Abstract: Socio-economic conditions during early life are known to affect later life outcomes such as health or social success. We investigated whether family socio-economic background may also affect facial attractiveness. We used the Wisconsin Longitudinal Study (n = 8434) to analyze the association between an individual's parental socioeconomic background (in terms of father's highest education and parental income) and that individual's facial attractiveness (estimated by rating of high school yearbook photographs when subjects were between 17 and 20 years old), controlling for subjects' sex, year of birth, and father's age at subjects' birth. Subjects' facial attractiveness increased with increasing father's highest educational attainment as well as increasing parental income, with the latter effect being stronger for female subjects as well. We conclude that early socio-economic conditions predict, to some extent, facial attractiveness in young adulthood.
Introduction
Socio-economic conditions during early life have been shown to affect adult traits such as health or social success (e.g., Bosma, van de Mheen, and Mackenbach, 1999; Kestilä et al., 2005; Marmot, Shipley, Brunner, and Hemingway, 2001) . These effects seem to be independent of adult socio-economic status (SES) (e.g., Blane et al., 1996; Braveman et al., 2005; Galobardes, Lynch, and Smith, 2004; Power, Matthews, and Manor, 1998; Rahkonen, Arber, and Lahelma, 1995) . In addition, children from a low SES background show different growth patterns compared to children from high SES families (Silva et al., 2012) . Even overall mortality is associated with socio-economic circumstances during childhood, again independent of adult socio-economic position (e.g., Beebe-Dimmer et al., 2004; Davey Smith, Hart, Blane, and Hole, 1998; Galobardes et al., 2004; Kuh, Hardy, Langenberg, Richards, and Wadsworth, 2002; Vagero and Leon, 1994) . Hope et al. (2013) only recently demonstrated that facial symmetry in adulthood was likewise lower if socio-economic status in early life was poorer. As symmetry is an important component of facial attractiveness (Grammer and Thornhill, 1994) , we hypothesized that facial attractiveness might be affected by family socio-economic background. A potential influence of early life conditions seems plausible because facial attractiveness is thought to reflect developmental stability, resistance to pathogens, and a low mutation rate (Thornhill and Gangestad, 1999) .
We investigated whether early life conditions in terms of socio-economic background (i.e. father's education and parental income) may affect facial attractiveness in young adulthood while controlling for subjects' sex, year of birth, as well as father's age at subjects' birth. We controlled for paternal age because we recently showed a significant effect of father's age at subjects' birth on facial attractiveness (Huber and Fieder, 2014) . We used the Wisconsin Longitudinal Study for our analyses as it is one of the most comprehensive existing longitudinal studies, tracing the life of several thousand individuals. In addition, the suitability of this dataset for research on attractiveness has been previously demonstrated (Huber and Fieder, 2014; Jokela, 2009 ).
Materials and Methods
The Wisconsin Longitudinal Study (WLS) is a long-term study of a random sample of 10,317 men and women, born in the years 1937-1940, who graduated from Wisconsin high schools in 1957 and 2008 , yearbook photos from 1957-when the subjects were, on average, 18 years of age (M = 18.2, SD = 0.26)-were rated by 33 judges recruited from roughly the same cohort as the WLS participants and thus between 63 and 91 years old (M = 78.5). Yearbook pictures were not standardized in terms of facial expressions and head posture and showed mostly-but not exclusively-faces (Jokela, 2009) . Each yearbook photo was rated by six male and six female judges using a photolabeled 11-point rating scale ranging from "not at all attractive" (1) to "extremely attractive" (11). We used the second release of the rating data, for which Wisconsin Longitudinal removed cases with less than 11 ratings and added approximately 5,500 new cases using the same procedure, for a total of 8,434 cases. The mean (SD) attractiveness raw score of all 12 raters was 5.36 (2.13) for female subjects and 5.50 (2.05) for male subjects. Inter-rater reliability was good: average Cronbach's alpha, calculated based on the raw rating scores of the 12 raters, was 0.83. We used the "normed average coder rating" (M = 0.013, SD = 1.257) from all 12 raters as the measure of attractiveness (further termed "facial attractiveness") because, according to the WLS, norming effectively removed coder fixed effects. Norming was done in the WLS by subtracting the mean from the original values and then dividing the resulting values by the standard deviation.
For those subjects for whom attractiveness ratings were available (n = 8,434), we further included the following variables, surveyed by the WLS, in the analysis: year of birth (n = 8,434); sex, encoded as 1 = male (n = 4,018) and 2 = female (n = 4,416); subjects' father's highest education, encoded as 1 = no high school (n = 3,002), 2 = attended high school (n = 1,399), 3 = graduated from high school (n = 1,522), 4 = attended trade/bus school (n = 688), 5 = attended college (n = 478), 6 = graduated from college (n = 521), 7 = has masters or Ph.D. (n = 162); parental income collected in 1957 in $100 (truncated at $99,800 in the WLS; n = 7,910; M = $63.08; SD = $57.76); and father's age at subjects' birth (n = 5,111; M = 31.56, SD = 6.78).
We used R 3.0.2 for statistical analysis (R Core Team 2013). We calculated an ANOVA of father's education on subjects' facial attractiveness (including a posthoc Bonferroni comparison of facial attractiveness according to father's educational level) as well as a Pearson correlation of parental income on subjects' facial attractiveness. To control for confounding variables, we further calculated a general linear model (GLM), regressing the subjects' father's highest education and parental income as well as subjects' sex, year of birth, and father's age at subjects' birth, respectively, on the subjects' facial attractiveness (parental income, year of birth, and father's age at subjects' birth were centered around their means). Initially we included all two-way interactions with subjects' sex as well as the interactions between the indicators of parental SES (i.e. father's highest education and parental income). The reasons are that attractiveness and its association with the other explaining variables may differ between men and women and that parental income and father's education are highly correlated (Spearman r = 0.35, p < 0.001). Then we reduced the models by variable selection according to the Akaike information criterion (AIC), applying the "step AIC" algorithm implemented in R. The full model is presented in the Appendix (see Table A1 ). We further performed an ANOVA to calculate the variance explained by father's education and parental income. In the multivariate models, overall sample sizes are considerably lower because missing cases in any variable are excluded.
Results
Subjects' facial attractiveness increased with increasing father's highest educational attainment, F(7771) = 18.98, p < 0.0001 (see Figure 1) . Posthoc comparisons reveal that subjects whose fathers attained the lowest level of education are either significantly or marginally significantly less attractive compared to subjects whose fathers attained any other educational level (see Table 1a ). In addition, subjects whose fathers attended a trade or business school are significantly less attractive than subjects whose fathers attended or graduated from college (see Table 1b ).
Furthermore, increasing parental income is positively associated with facial attractiveness (see Figure 2 ). Parental income is more strongly associated with facial attractiveness in female (see Figure 2a ; Pearson correlation, r(4095)= 0.117, p < 0.0001) than in male subjects (see Figure 2b ; Pearson correlation, r(3811) = 0.042, p = 0.01). Also, in a multivariate model including father's education and parental income, as well as subjects' sex, birth year, and father's age at subjects' birth, subjects' facial attractiveness was affected by both father's education and parental income (see Table 2 ). In this multivariate model, attractiveness ratings for all but the highest father's educational categories are significantly or marginally significantly higher than those for the lowest educational category, indicating that facial attractiveness was significantly lowest in the offspring of the least educated fathers. In addition, the interaction between sex and parental income is significantly positive, again showing that parental income exerted a stronger effect on facial attractiveness of female than male subjects. The effect of father's age at subjects' birth is significantly negative, which implies that subjects' facial attractiveness decreased with advancing paternal age. Furthermore, sex exerts a significantly negative effect, denoting that female subjects were by trend rated less attractive than male subjects. Also, the interaction between sex and birth year (1937) (1938) (1939) (1940) is significantly positive, indicating that in female-but not male-subjects, birth year exerted a significant positive effect on facial attractiveness. 
Discussion
We found that family socio-economic background, in terms of both father's highest education and parental income, predicts offspring facial attractiveness, the latter effect being stronger in female than in male subjects. Together with studies of a link between early life conditions and later health outcomes (e.g., Bosma et al., 1999; Kestilä et al., 2005; Marmot et al., 2001 ) as well as our recent finding that facial attractiveness may be a cue to an individual's mutation load (Huber and Fieder, 2014) , this association between facial attractiveness and early socio-economic conditions supports the view that attractiveness may signal an individual's health status (Gray and Boothroyd, 2012) . Our results are also in line with Hope et al. (2013) , who recently demonstrated that facial symmetry in adulthood was likewise lower if socio-economic status in early life was poorer. A likely explanation for the effect of socio-economic background on facial attractiveness is that low parental income and education are typically associated with poorer living conditions, lower diet quality, and a higher risk for diseases and accidents (Brooks-Gunn and Duncan, 1997; Gregg, Propper, and Washbrook, 2007; Shah, Kahan, and Krauser, 1987) . Also, poor socio-economic family conditions may increase the risk of adversities due to family problems such as unemployment, parental illness, or alcohol abuse (Brooks-Gunn and Duncan, 1997; Makela, 1999; Wilkinson and Marmot, 2003) .
Alternatively, the subjects' mother's and father's own attractiveness might explain our findings. For instance, higher educated men with higher income may find more attractive spouses and/or may be more attractive themselves (Udry and Eckland, 1984; Umberson and Hughes, 1987) . If attractiveness is to some degree heritable (see McGovern, Neale, and Kendler, 1996; Rowe, Clapp, and Wallis, 1987) , then any association between family socio-economic background and offspring attractiveness could also reflect parental attractiveness. Of course, both explanations, namely an effect of early life socio-economic conditions as well as heritable paternal factors, are not mutually exclusive. Additional studies are needed to disentangle both effects.
It has to be noted that the found effects are relatively small, with the overall model explaining less than 3% of the variance. In addition, it cannot be excluded that cues to socioeconomic status (e.g., clothing) may have been present in the photographs, which might have affected ratings of attractiveness.
Our findings further demonstrate that parental income is important for facial attractiveness, particularly for female subjects, whereas father's education affects the facial attractiveness of both male and female subjects. Although we have no explicit explanation for this sex difference in susceptibility to different aspects of socio-economic status, it seems to us that both sexes respond differently to economic conditions, which are primarily linked to parental income, but rather similarly to lifestyle factors, which may be more strongly affected by father's education.
In addition, indicated by the significant interaction between subjects' sex and birth year, birth year also exerted a significant effect on facial attractiveness of female but not male subjects. As already discussed in Huber and Fieder (2014) , this discrepancy may be explained by female subjects, who were slightly younger when the yearbook photos were taken, being rated more attractive than those who were a few years older.
We conclude that early socio-economic conditions as indicated by father's education and parental income to some extent predict facial attractiveness. Future studies should address possible underlying mechanisms, notably whether and how epigenetic effects might play a role. In addition, because attractiveness is important for mating and reproductive success (Jokela, 2009; Pflüger, Oberzaucher, Katina, Holzleitner, and Grammer, 2012) , future research may also address the consequences of early life socioeconomic conditions and resulting attractiveness for later mating success. 
